Alder (Alnus Mill.), as an anemophilous species, produces large quantities of easily dispersed pollen. Annual pollen sums recorded in south-eastern Poland (by the volumetric method -Lanzoni trap) and in the area of the village of Guciów in the Central Roztocze region (pollen deposition in Tauber traps) were compared. The height at which the respective trap sites were located as well as local and regional vegetation and the distance from the nearest alder communities differ in both cases, likewise, the climate of these two regions differ. The analysed pollen data series cover the years
INTRODUCTION
Alders (Alnus Mill.), belonging to the family Betulaceae, produce large quantities of pollen causing allergic reactions. In addition, alder together with hazel are an important source of fresh pollen for bees in early spring, since there is a shortage of other fl owering plants. As it has been calculated, the number of pollen grains produced by one infl orescence of alder is ca. 19.5 million, which is 2.2 times higher than those produced by the hazel infl orescence (P i o t r o w s k a , 2008). Due to its abundant pollen production and allergenic properties, alder is in the range of interest not only of botanists and aerobiologists, but also allergologists.
Three alder species of the genus Alnus Mill. occur in Poland, among which black alder (Alnus glutinosa /L./ Gaertn.) is most commonly found (Z a Since 1998 we have had pollen fall data series available from the Central Roztocze region -(the area of Guciów) collected based on modifi ed Tauber traps under the Pollen Monitoring Programme (PMP). This project is designed to trace the dispersal and deposition of pollen of different taxa under as natural conditions as possible (http://pmp.oulu.fi ). The Wieprz river valley in the area of Guciów, with alder carrs (Ribeso nigri-Alnetum) and initial forms of ash-alder riparian forests (Fraxino-Alnetum) running along the river channel (G r Monitoring studies carried out by the volumetric method using the Lanzoni trap have been conducted in Lublin since 2001. In spite of essential differences in the methodology of pollen capture and measurements of its annual sums, it has been demonstrated that results of monitoring of annual pollen infl ux using the Tauber trap and the volumetric method are well correlated (L e v e t i n et al. 2000; R a n t a et al. 2007 ).
The present study is designed to analyse tenyear (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) pollen data series from the area of Guciów and seven-year (2001-2007) series of monitoring measurements of alder pollen concentrations in Lublin against selected weather elements. Previous studies have demonstrated that alder fl owers set already in the second half of June in the year preceding fl owering, and at the end of July meioses already take place in pollen mother cells (K r a w i a r z and C h a ł u p k a , 1980). In addition, pollen release is affected by weather 10 days before its onset (S u s z k a , 1980). Warm and dry weather promotes pollen release. Hence, it seems that analysis of air temperature in June, July and August of the year preceding fl owering as well as of temperature and precipitation levels in January and February of the year of pollen emission may shed light on the problem of occurrence of years of abundant and poor Alnus pollen production. An analysis of the pattern of occurrence of such years (P i d e k et al. 2008) indicates that the climatic signal may be of decisive importance for the occurrence of an "abundant" or "average" year after a "poor" one.
MATERIALS AND METHODS

Pollen monitoring
In Lublin measurements of pollen concentration in the air were made by the volumetric method using a Lanzoni VPPS 2000 pollen trap which was sited at a height of 18 metres. The trap site was located in the Śródmieście district (city centre) (φ = 51 0 14'37'' N and λ = 22 0 32'25'' E) at a large distance from alder communities.
The total annual concentration of Alnus pollen grains was calculated by adding up diurnal pollen concentrations in 1 m 3 of atmospheric air on particular days of the year.
In Roztocze measurements of annual Alnus pollen deposition, made using nine Tauber traps (Ta ub e r , 1974; H i c k s and H y v ä r i n e n , 1986), have been carried out since 1998 under the Pollen Monitoring Programme (PMP). The annual pollen catch is subjected to laboratory treatment using Lycopodium marker tablets (S t o c k m a r r , 1971), and subsequently microscopic analysis (H i c k s et al. 1996) . Based on the known number of added Lycopodium clavatum spores in relation to the number of spores of this species encountered in microscopic analysis, the number of Alnus pollen grains deposited annually on cm 2 can be calculated. A detailed description of the methodology, published by Hicks and co-authors (1996; 1999) , is available on the website http:// pmp.oulu.fi .
In Roztocze plastic containers converted into Tauber traps were used. A 5 cm diameter opening was covered with large wire mesh (vide P i d e k , 2004). After adding fi ve Lycopodium tablets, the contents of the trap were fi ltered and subjected to standard acetolysis treatment. During the microscopic analysis, the counting was continued until a minimum of 500 pollen grains of trees and shrubs (AP) and a minimum of 100 Lycopodium spores were obtained.
In the case of the PMP method, the mean sum of pollen grains, deposited on one cm 2 of area, obtained based on the results from four trap sites of supralocal importance located in open landscape in the area of Guciów or in large openings with a diameter of 80-100 m (sites no. 4, 6, 7 and 8), was accepted as the annual pollen sum in a particular year. The results from the other sites, located in small forest openings, were not taken into account, since local vegetation is mainly refl ected in them. Geographic coordinates of the monitoring sites in the area of Guciów included in the present paper are presented in Table 1 . Table 1 Geographic coordinates of the trap sites in Roztocze. In order to compare annual Alnus pollen deposition and its airborne content, with respect to the data obtained using the two methods (the PMP method in Roztocze and the volumetric method in Lublin), the percentage pollen index (PI) was calculated for 2001-2007 measurement series in accordance with the following formula: PI = (annual pollen sum in a particular year / annual pollen sum in the 7-year period) x 100%
In Table 2 the annual Alnus pollen sum is given, which is the averaged value from 4 selected traps (no. 4, 6, 7 and 8) Table 2 , whereas the values lower by at least 30% are marked as low values (in green).
In addition, results are compared between the annual sums for the years 1998-2000, which were obtained for Alnus using the gravimetric method in Lublin (Durham sampler) and in Roztocze using the PMP method (Tab. 3).
Alder in the trap site areas
Alder in Lublin grows in the valleys of the Bystrzyca and Czechówka rivers, in habitats periodically inundated by surface waters. Its nearest stands were located from the pollen trap at a distance of about 2-3 km. 
Meteorological data
The Spearman's rank correlation coeffi cient (r s) ) was used to evaluate the effect of air temperature and precipitation on the abundance of Alnus pollen,
where: ΣD
-the sum of squares of differences between the ranks, N -the number of pairs of measurements.
This coeffi cient is used in the so-called small samples where the number of pairs of measurements (i.e. N) is less than 30, and there is no assumption of the normality of distribution and linearity between two variables (Ł o m n i c k i , 1995).
Coeffi cients of correlation were calculated between the alder pollen sum in a particular year and mean air temperature in June, July and August in the year preceding pollen emission as well as in January and February of the year of pollen emission, and also between the pollen sum in a particular year and total precipitation in June, July and August in the year preceding pollen emission as well as in January and February of the year of pollen emission in Lublin and in Zwierzyniec in Roztocze.
Data on air temperature and precipitation came from the Meteorological Observatory of the Meteorology and Climatology Department, the Maria CurieSklodowska University in Lublin (Poland), located in the city centre in a tree-covered city centre square (φ=51º 15' N; λ=22º 34' E; H= 195.3 m a.s.l.), at a distance of about 1.5 km from the pollen trap site in Lublin, and from the Meteorological Station of the Roztocze National Park in Zwierzyniec (φ=50º 37' N; λ= 22º 58' E; H= 230 m a.s.l.), located at a distance of about 7 km from the trap sites in question placed in the area of Guciów. In the case of Lublin, meteorological data for the years 2001-2007 were used, and in the case of Zwierzyniec data for the years 1998-2007.
RESULTS
Pollen data
The Alnus pollen deposition values differed much in particular years and depending on the site of the measurements (Tab. Based on the results from the four sites in question obtained over the seven-year period of monitoring, the mean rate of annual alder pollen deposition for Roztocze was 1674 pollen grains cm -2 . Figure 1 shows that the differences in the values of annual sums between the regions were lower than the differences between particular years. Years of very abundant pollen deposition were observed (2003 and 2006) , in which the annual sum exceeded by at least 30% the mean alder pollen catch from the seven-year period. In this respect, the next is the year 2001 in which annual sums exceed signifi cantly the seven-year mean and the PI is 16.5% for Lublin, and for Roztocze 24.6% (Tab. 2). Low values of annual Alnus pollen sums were recorded in 2002 and 2007 (PI 6.8-10 .8% at both trap sites). In the years 2004 and 2005, the trend in Roztocze and in Lublin was slightly different. In Roztocze distinctly low alder pollen depositions were noted (PI 4.9-9.1%), whereas in Lublin these years should be considered to be "abundant" (2004) or "average" (2005) in terms of annual alder pollen sums obtained (Fig. 1) . The application of the results from the sevenyear period of [2001] [2002] [2003] [2004] [2005] [2006] [2007] to the data obtained from the fi rst three years of pollen monitoring conducted in Lublin by the gravimetric method (Durham sampler) allows the observation series to be extended both in Lublin and in Roztocze by including additional three years, i.e. 1998-2000 (Tab. 3).
Measurements made using the Durham gravimetric sampler in Lublin exhibited the same trend as was noted in the period 1998-2000 in Roztocze with respect to the occurrence of "abundant" and "poor" years. At both trap sites, high values for alder pollen were recorded in 1998, whereas in the next two years low values were noted.
Meteorological data
The study areas in question, compared to Poland as a whole, are distinguished in terms of infl ow of solar radiation and relative insolation as well as the length of snow cover (K a s z e w s k i , 2008). Mean annual air temperature in Lublin calculated for the years 1951-2007 is 8.2ºC. The coldest month is January with mean temperature of -2.8ºC, and the warmest month is July with mean temperature of 18.9ºC.
Mean annual total precipitation in Lublin for the same period is 546 mm. On an annualised basis, the lowest annual totals are observed in January -27 mm, and the highest in July -80 mm.
Compared to Lublin, the climate of Zwierzyniec in Roztocze is characterised by lower air temperature (by about 1-2ºC) and higher precipitation totals (by about 100 mm).
In a comparable period (2001) (2002) (2003) (2004) (2005) (2006) (2007) , mean annual air temperature in Lublin was 9.1ºC and it was 1.5ºC higher than in Zwierzyniec (Tab. 4). Mean temperature of the warmest month (July) was 20.9ºC and it was 1.4ºC higher than in Zwierzyniec, and of the coldest month (January) -1.9ºC, i.e. 1ºC higher than in Zwierzyniec. Mean annual total precipitation in Lublin was nearly 140 mm lower than in Zwierzyniec. Only in September monthly total precipitation in Lublin was higher than in Zwierzyniec (Tab. 4).
The analysis of the Spearman's rank correlation coeffi cient (r s ) between the annual Alnus pollen sum and mean temperature and precipitation in Lublin in June, July and August in the year preceding pollen emission shows that the obtained values are not statistically signifi cant. In the case of June, these are positive values, and in the case of July and August -negative (Tab. 5).
Much higher absolute values of the correlation coeffi cient (although also statistically insignifi cant) were obtained in the case of the correlation between the annual alder pollen sum in Lublin and mean temperature and total precipitation in the months in which pollen emission takes place or in the months directly preceding pollen emission, i.e. January and February (Tab. 5).
In the case of Zwierzyniec (Roztocze), the data for the selected months (VI, VII, VIII) of the year preceding pollen emission covered 9 years. In the case of the analysis of the correlation between the annual Alnus pollen sum and mean temperature and precipitation in January and February in the year of pollen emission, 10-year data series were used.
As shown in Tab. 6, the correlation coeffi cient values were statistically signifi cant at the level of 0.05
DISCUSSION
Signifi cant differences in the values of annual Alnus pollen sums in particular years result from differentiated pollen production which is determined by many factors. Several-year-long counts of plant pollen deposition in Kraków made by the gravimetric method (1993) (1994) (1995) (1996) (1997) show that annual sums for Alnus pollen ranged between 359 and 1749 (S z c z e p a n e k , 2006). In spite of the fact that, as a rule, abundant years were followed by years of low or average alder pollen production, in the seven-year period ( for precipitation in August in the year preceding pollen emission and in February of the year of pollen emission. In both cases, a negative correlation was obtained. and "poor" years existing on a wide regional scale (P id e k et al. 2008 ). This fact may suggest an essential role of the climatic factor in alder pollen production and release.
In the present paper, the analysis of weather elements potentially affecting alder pollen production and dispersion has shown that in the case of Roztocze, where we have 10-year pollen data series, precipitation levels in August of the year preceding pollen emission and in February in the year of pollen emission are of essential signifi cance. This latter conclusion is consistent with observations of D ą b r o w s k a (2008) . She has demonstrated that in the years 2001-2006 the level of alder pollen production in Lublin increased together with an increase in relative humidity and rainfall in the pollen season. The increase in relative air humidity also prolonged the alder pollen season. 
